INTRODUCTION
Even though the solar corona and interplanetary medium are known to be strongly inhomogeneous, average models are sometimes helpful. So are the electron density models needed by solar radioastronomers. Indeed, many of the solar radio emissions are directly related to the plasma frequency f in the source region: f p = 9 N112 (fp , Hz and N: electron number density, m -3 ; or fp, kHz and N, cm -3 ). It follows that knowledge of the density model yields the source distance from the Sun and hence the speed of a traveling disturbance (electron packet for a type III burst, shock wave for a type II burst, see Wild and Smerd, 1972) . Conversely the radio observation can provide a remote measurement of the density at the source lotiation, which is of particular interest if the source position can be measured separately.
Solar corona electron density distributions have been deduced from coronal photometric and polarization data, from radio source solar occrltations, from the measurement of the angular deflection of signals from distant radio sources, from the meas , ' n ament of the radio frequency dispersion of the signals from pulsars, and from the analysis of single and dual frequency time delay data acquirE!d from interplanetary spacecraft (see e.g. Esposito et al., 1980) . Such methods usually give access to the solar corona up to a few tens of solar radii ono)..
By contrast with these latter methodI which integrate the studied effect along the line-of-sight, the solar radio burst methods discussed below yield density estimates in remote but lor.alized radio emission source regions.
Furthermore, the medium can be studied only along the stucture or trajectory where the radio emission is produced. Such techniques enable one to describe, by remote sensing, the distance range from the base of the solar corona to 1 AU, though most observations yield models which are only valid over a shorter range of distances.
The derivation of electron density distributions from the observation of solar radio bursts has been frequently discussed in the past for ground-based radio observations from decimeter to decameter wavelengths (Wild et al., 1963; Malitson and Erickson, 1966; Wild and Smerd, 1972; Mercier and Rosenberg, 1974; Stewart, 1976) . These wavelengths give access to heliocentric distances ranging from the base of the solar corona up to 2-3 R o . The results are summarized in Fig. 1 (curve ) by a curve taken from Malitson and Erickson (1966) , which is still in very good agreement with the present day radioheliograph observations.
In this paper, we review density distributions deduced from solar radio burst observations from satellites and spacecraft on hectometer and kilometer wavelengths which give access to the interplanetary medium from a few R up to 1 AU. We then compare those density distributions to a density model derived from the Helios 1 and 2 in situ density observations. (Smith et al., 1979 ) and a number of observational evidences support a radiation on the second harmonic (Fainberg and Stone, 1974; Gurnett et al., 1978) . The emission of the harmonic instead of the fundamental would result in an oversealing of the densities deduced from the radio burst observations by a factor of 4. We show in Figure 1a density scales which assume radiation at the fundamental, and in Figure 1b we have applied this ratio of 4. We will discuss the fundamental/ harmonic problem in more detail in the last ;section. For comparison, we show in Fig. 1 (curve 1) the Newkirk',-, (1967) model scaled for solar maximum.
Following Alvarez and Haddock (1973) , we shall use the following i expression for the density: N(r) = A (r-b) P (1).
Alvarez and Haddock have shown that this formula can describe with good accuracy coronal and interplanetary density models in a large range of f s heliocentric distance s ., Formula (1) describes a power law falloff at large r (i.e. r »b), but allows an even steeper dependence on r very close to the Sun. l Table 1 summarizes the values of p, b and A for some of the observations i discussed belota.
Early hectometer and kilometer wavelength observations of radio bursts from satellite (Hartz, 1`964; Slysh, 1967a,b,c) already suggested that the radio sources were much more distant <from the Sun than could be accounted for by the extrapolation of the existing coronal density models.
Hartz (1969) (c:.-ve 5 in Fig. 1 fall somewhere between these limits. We note that these limits almost include the Newkirk's maximum model if the harmon i c is assumed (Fig. 1b) , and that the power law indices of the two extreme models vary between -2.5 and -3.3•. Fainberg and Stone (1971) (curve 7 in Fig. 1 Henceforth a frequency scale can be deduced, from which the density scale is obtained. This density scale is in remarkably good agreement with the RAE density scale providod the type III storm burst emission is observed at the second harmonic of the plasma frequency. The observation cannot be accounted for if the fundamental is assurrad. This is consequently regarded as a strong evidence for a type III radiation on the second harmonic.
Alvarez and Haddock (1973) (curve 8 in Fig. 1 ; Table 1 when the densities of the solar wind at 1 AU are equated. The curve shown in Fig. 1 is normalized to the 1 AU Helios density which will be discussed later (6.14 om-3). Davis and Feynman (1977) discuss interplanetary density models in their analysis of a type II radio burst. They suggest that, for undisturbed conditions the density may be expected to vary as R -2.4 for-R440 R o o and that for R>100 R the average variation is probably close to R -2 . They also note that the density models derived from type III bursts may apply to solar wind density structures which evolve in stream interaction regions. Fainberg and Stone (1971) .
THE HELIOS 1 AND 2 PLASMA DENSITY MEASUREMENTS
The analysis of in situ plasma density observations to obtain an average radial density profile is complicated by a number of factors. First of all, short term (hours-days) variability in plasma density requires that long data spans be used. Such long spans are also required to cover an adequate range of heliocentric distance. In order to minimize the chance that peculiarities associated with a single traversal of the heliocentric distance range will yield a misleading density profile, it is desirable to have several such traversals. However, several traversals imply coverage over a significant fraction of a solar cycle. In this case, solar cycle variations in densities must be accounted for, lest they bias the results.
We have used hourly averaged ion density data obtained by the quadr'_spheric electrostatic analyzers flown on the Hel^,os 1 and 2 spacecraft.
See Rosenbauer et al. (1977) Since this H' alios data base spans half a solar cycle, we have sought possible solar cycle density variations in the 1 AU IMP/ISEE data record (King, 1979; 1983) • Figure 2 shows annual averages of sunspot number and of ion density at 1 AU, for the years 1974-1980, The density values are geometric averages; that is, owing to the log-normal distribution of hourly density values, arithmetic averages of logarithms of hourly densities were taken. We note that arithmetic density averages are -20-25% greater than than the geometric averages shown.
There is a general anticorrelation between sunspot ,number and interplanetary density, as has been pointed out by previous authors (Diadato et al., 1974; Schwenn, 1983) . From Fig. 2 it appears that the sunspot profile. leads the anticorrelated interplanetary density profile by one year. It is beyond the scope of this paper to pursue this point.
0
In order to eliminate solar cycle variations from the Helios data base, we have normalized all data to 1976, when the 1 AU density was near its maximum.
That is, each Helios hourly density value obtained during year J has been multiplicid by N('lAU;1976)/N(1AU,Year J). For convenience, we refer to these time-normalized Helios densities as simply Helios densities from here on.
All Helios densities were then sorted into 0.1 AU bins, and geometric averages were taken. Figure 3 shows the Helios 1 and 2 averages separately. This model is shown on Figure 1 (curvo 10). Note that the Helios 1 AU, 1976 density value of 6.14 cm -3 is significantly less than the corresponding 1976 IMP density shown in Fig. 2 Schwenn's (1983) who used a quite different approach. Sehwenn used arithmetic averages while we used geometric, and he used finer bin resolution and time resolution. He investigated the radial variation of the average proton density between 03 AU and 1 AU, in per cent, as compared to a 'R -2 dependence. His findings of -18.1% for Helios 1 and -10.1% for Helios 2 can be converted respectively in power law indices of -2.14 and -2.08, to be compared to our values of -2.12 t 0.04 and,-2.07 + 0.05 respectively for Helios 1 and 2. This density that we deduced from IMP/ISEE 1 AU observations is consistent with that found by Schwenn (1983) who used Helios 1 and 2 data alone.
Fundamental and second harmonic hypotheses
We have reviewed solar radio burst determinations of the electron density distribution in the solar wind, in regions where other remote sensing methods provide s,aese information. The radio burst techniques are generally based on the observation of type III radio bursts.-They provide higher densities than the in situ Helios model. An interpretation cf this discrepancy is that most type III radio bursts are radiated at the second harmonic of the plasma frequency rather than the fundamental in agreement with recent theories (Smith et al., 1979) and some observations (Fainberg and Stone, 1974; Gurnett et al., 1978) . This results in the factor 4 already mentioned and applied between
Figs. 1a and 1b. However, Melrose (1982) points out that the evidence for radiation at the second harmonic in type III bursts is circumstantial, and that some observations are better explained by a radiation at the fundamental.
But such an hypothesis requires the assumption of strong scattering effects -ducting of the radiation from the fundamental -,level up to a higher level in the corona, close to the level expected in the harmonic hypothesis (Duncan, 1979) . Indeed, ground based observations show that, in the rare cases when both fundamental and harmonic are believed to be present, they are almost spatially coincident when observed at the same frequency, while they should be observed at levels differing by a ratio of 4 in density. We note that this last situation (fundamental and ducting) is equivalent to the first (harmonic) in the determination of density models, since what is important is where the source is observed at a given frequency. As a matter of fact, the conflicting hypotheses can be summarized as follows: either the harmonic is emitted and observed at its true location, or the fundamental is emitted and the radiation has to be ducted up to the harmonic level where it is observed. We conclude that the observed heliocentric distances of th' p radio sources can be used to infer density models in any of these hypotheses. There is still no clear answer to which mode is observed. Although our inclination is that the second monic may be dominant, the occurence of fundamental emission cannot be ruled out (Kellog, 1980) .
Radio burst source sizes
Interplanetary radio burst sources as seen from the Sun can subtend an angle as large as 50 0 (Bougeret -et al., in preparation) . Scattering is very likely to contribute significantly to this size. Scattering models have been extensively investigated for the .lower corona conditions (Steinberg et al., 1971; Riddle, 1974) . The only analysis available for interplanetary conditions (Steinberg, 1972) was made when very little information was available on source sizes in the interplanetary medium. Using ray tracing 'technique, Hornstein (private communicate on) firs that the scattered image of a point source observed at 110 kHz and` located at 0.5 AU may have an apparent size close to 40o when observed from 1 AU. Hence the true radiation source may have a relatively small extent. Thus, the radio burst observations at a given frequency are likely to sample a restricted region of the interplanetary medium. However, if scattering is important, its effect in introducing a bias in the radio determ.nation of interplanetary densities is uncertain. Further detailed modeling of the scattering of interplanetary bursts is required to resolve this point.
Radio burst source location Figure 1b and ''able 1 (see extrapolated 1 AU density) clearly show that, even when the harmonic is assumed, the radio densities are still higher than the Helios density model, even though the model is normalized to 1976 when the 1 AU density is near its maximum. This indicates that the radio emissions tend to be produced in regions denser than the average -e.g. streamers. This was already suggested by several authors and convincing observational evidence has recently been presented by Kundu et al. (1983) . For the interplanetary medium, Davis and Feynman (1977) suggested that even if type III bursts are produced on any field line near the Sun, then the interactions of high-speed solar wind streams will cause type III bursts to appear preferentially along density enhancements because stream-stream interactions compress magnetic field line's :along with the particles. Those restricted regions with enhanced density might well be difficult to detect using conventional (other than in situ) methods:.
As already mentioned, the radio burst observations provide a lod;al measurement, while the other methods integrate along the line-of,rpight, hence i averaging i,r._^egularities.
The density falloff
The density falloff is a critical parameter in the determination of radio disturbance speeds in the interplanetary medium, since the density scale height depends upon the power law index. Its valuer are summarized in Table 1 .
When b 9 0 in (1), the falloff will be steeper closer to the Sun, consistent with the density measurements in the lower corona. We have noted previously that the deviation of the Helios R-2'10 dependence from the expected R-2'0 -which would apply in the acceleration-free;, spherically symmetric situationmay be evidence for extended solar wind acceleration, especially since the particle flux -N V-hal been shown elsewhere to have a dependence much closer to R -2 ' 0 . The falloffs derived from the radio burst observations are generally steeper than the R 2 ' 10 Helios density model, which averages over all solar wind conditions. We are unable to uniquely identify the cause of this 2.10 deviation from the Helios R -dependence. On the one hand, the solar wind may still be accelerating in the enhanced regions where the bursts are produced. On the other hand, these enhanced density regions may be spatially diverging significantly faster than the R -2 ' 0 expected in the simplest view.
Again the role of scattering has to be clearly understood, especially when the source gets close to the observer (the observer may be inside the scattering region -a case never considered by previous scattering analyses). The major problem remains to exactly know which regions of the solar wind the radio burst analysis samples. Direct analyses of in situ D ensity measurements within the radio burst source location and a thorough understanding of the influence of scattering in the interplanetary medium art certainly needed before the interplanetary radio burst methods can be very accurately used as a common tool to remotely determine the solar wind density. For instance density models 7: Fainberg and Stone (1971) 8: Alvarez and Haddock (1973) : the model shown on this Figure is normalized to the 1 AU Helios density found in this paper (6.14 cm -3 .) 9: Bougeret et al. (1982) 10: The Helios density model found in this paper. The error bar shown corresponds to the aptsolute accuracy of 20% discussed in the text. 
